Recent studies have demonstrated that the factors responsible for the various serological reactions currently employed for the diagnosis of rheumatoid arthritis represent macroglobulins which, in the isolated state, have a corrected sedimentation coefficient of approximately 19S (1-5). In serum and plasma, these proteins exist as complexes with low molecular weight y-globtulins and show a higher sedimentation rate, approximately 22S (6, 7). It has become clear that the rheumatoid factors have a specific affinity for ordinary y-globulin showing a behavior, particularly in certain of the serological tests, like that of anti-y-globulin antibodies. The possibility has been raised that the rheumatoid factor complex in serum represents an antigen-antibody complex.
(Submitted for publication July 15, 1960 ; accepted August 18, 1960) Recent studies have demonstrated that the factors responsible for the various serological reactions currently employed for the diagnosis of rheumatoid arthritis represent macroglobulins which, in the isolated state, have a corrected sedimentation coefficient of approximately 19S (1) (2) (3) (4) (5) . In serum and plasma, these proteins exist as complexes with low molecular weight y-globtulins and show a higher sedimentation rate, approximately 22S (6, 7) . It has become clear that the rheumatoid factors have a specific affinity for ordinary y-globulin showing a behavior, particularly in certain of the serological tests, like that of anti-y-globulin antibodies. The possibility has been raised that the rheumatoid factor complex in serum represents an antigen-antibody complex.
During the course of investigation of the rheumatoid factors and their complexes through ultracentrifugal analyses of sera showing high titer reactions in the latex fixation test and y-globulin precipitin test, another group of y-globulin complexes was encountered. These had sedimentation rates between 9 and 17S and were dissociated in urea and acid buffers in a manner similar to the previously observed dissociation of the rheumatoid factor complexes. Again the question arises as to whether these are antigen-antibody comlplexes or simple aggregates of y-globulin.
Gamma globulin components in the 9 to 12S range have been observed in many preparations of normal Fr II y-globulin. The presumption has been that these represent aggregates formed in the process of chemical fractionation; they were not found in y-globulin isolated by electrophoretic convection (8) . Certain myeloma proteins have been found in which either the major component or accessory components have sedimentation rates in this range (9, 10) . This has been particularly true of some of the more rapidly migrating mnveloma proteins (11) . fiery little work has been carried out on these components particularly fronm the standpoint of association and dissociation, although Pedersen (12) described a myeloma protein with an s-rate of approximately 11S at high protein concentrations and approximately 7S at lower concentrations. Similar abnormal proteins have been encountered in certain ill-defined disorders (13) . Particularly pertinent is a recent report of a macroglobulin studied by Rees and Resner (14) that could be dissociated in acid. Certain sera with similar proteins probably have been considered to represent macroglobulins of the Waldenstr6m type and have been reported as such in the literature (15, 16) , although the sedimentation rate of the main abnormal protein was lower than the 18 to 20S range of the proteins described by Waldenstr6m. Macroglobulins of the latter class are a homogeneous group and are known to be stable proteins which do not dissociate in urea and acid and alkaline buffers (17) . They have specific immunological properties and dissociate in the presence of agents breaking disulfide bonds (18) .
In the present study, sera from 11 different patients, 7 with classical rheumatoid arthritis, were found to contain multiple y-globulin complexes. These were readily detected in whole serum and plasma by direct ultracentrifugal analysis. They did not possess rheumatoid factor activity but were associated in the same sera with large amounts of rheumatoid factor. Investigation of the association and dissociation reactions of these complexes was carried out and certain of their properties de- fined. Evidence for and against the hypothesis that they represent antigen-antibody complexes of the y-globlulin-anti-y-glol)bulin type was sought.
MATERIAL AND MIIETHODS
Six of the 11 patients whose sera were specifically analyzed in this study were Fever, purpura, lymphadenopathy; 14 unkniown etiology hospitals whose sera were sent for ultracentrifugal analysis either for rheumatoid factor complex or for the usual macroglobulinemia. All of these patients were secondarily seen by one of the authors who attempted to evaluate the diagnosis of the local physician. One serum (Ro) came from a patient with rheumatoid arthritis under the care of Dr. Evan Calkins in Boston. Another, (Co) came from Dr. Corral in Havana, Cuba; this patient was not seen by the authors but he did not have arthritis. The clinical diagnosis was idiopathic purpura. The criteria for including the 11 cases in this study were that their sera contained more than 10 per cent of the total protein in the form of aggregates in the 9 to 17S range (called intermediate complexes) and that these aggregates dissociated in acid buffers. Table I shows the age and clinical diagnosis of the 11 patients.
The ultracentrifugal and electrophoretic techniques were similar to those described previously (19) . All specifically designated s-rates were obtained by infinite dilution extrapolation from sedimentation constants obtained at 2 or more protein concentrations. In some experiments a highly purified 19S Waldenstr6m macroglobulin was added to serum or serum fractions to verify the position of the 19S peak where this was obscure. The position of the 19S components in Figure 1 was obtained in this way. The use of standard preparations of known s-rate for delineating proteins in complex mixtures was illustrated in a previous study (5) . Euglobulin preparations were routinely made by diluting serum with 10 vol of de-ionized distilled water. In certain instances, mentioned below, dialysis against phosphate buffer, pH 6.0, 1/2 0.02, was utilized to prepare euglobulin components.
Spontaneous precipitates were determined by the saline dilution method of Christian (7) . Chromatographic experiments were carried out by the procedure of Sober, Gutter, Wyckoff and Peterson (20) , utilizing a continuous pH and ionic strength gradient. Illie serological tests wfere carried out Iprinarily as described previously (6) . The latex fixation was (letermined after overnight standing in the col(l room. A 1/20 basic agglutination titer was used in the sensitized sheep cell test. The human Rh sensitized cell test was a modification of the technique of Waller and Vaughan (21) utilizing a single Rh antiserum for all determinations. This was selected from a group of 30 Rh antisera for its reactivity with different rheumatoid factors. Inhibition reactions were studied by a modification of the procedure of Grubb and Laurell (22) . The method was standardized with known inhibitor and non-inhibitor sera kindly provided by Drs. Laurell and Grubb.
RESULTS
ii 'hole seriumn analyses. The sera of 11 different patients were found to contain a wide assortment of abnormal components visible by direct ultracentrifugal analysis of whole serum. Figure 1 illustrates the patterns from four of these cases along with a control serum showing slight elevation of the normal 19S component. In normal and control sera very little material is visible between the 19S and 7S components, and the pattern comes close to the baseline in this area. However, in each of the pathological sera illustrated, a continuous spectrum of components extends through this area. This is most apparent in the B frames which were taken at a later time. In addition, the first three sera llustrated-Bs, So and Doshowed a more rapidly sedimenting component which is visible only in the A frames and has completely sedimented in the B frames. It has a corrected s-rate between 22 and 28S in these sera and represents in serum So and Bs the "'29S" component previously described as characteristic of certain rheumatoid arthritis sera (6 Figure 2B , although this preparation contained considerably less of the large 22S component shown in Figure 2B . The intermediate complexes were reformed in this experiment.
but those with the s-rates above 19 were not.
In view of the complete dissociation of the intermediate complexes to 7S units, the possibility arose that the components might be antigen-antibody complexes of the type y-globulin-anti-yglobulin. It Figure 1 demonstrated a similar result both for the whole serum and for the euglobtlin fraction. Figure 6 illustrates this effect for serum Ca. An amount of albumin equal to the y-globulin was added as a control and no change was noted. The complexes in the presence of y-globulin showed a marked shift to smaller complexes. Preparations of euglobulin Do, similar to that shown in Figure 2 , illustrated this effect of added y-globulin very dramatically.
As was mentioned above, certain of these sera contained complexes with an s-rate which was higher than the previously determined 22S for the usual rheumatoid factor complex. These ranged from 28 to 31S. This was particularly true of serum Do which showed extremely high titers in the rheumatoid factor tests. No 22S component, as is usually seen in such patients, was observed, and the accumulated evidence indicated that the rheumatoid factor in this serum was in the 28S component ( Figure 1 peared after precipitation with aggregated y-globulin. Euglobulin fractions on the other hand showed a large 22S component. This is visible in the lower portion of Figure 2 , sedimenting slightly faster than the 19S component visible in the upper frames after dissociation in acid buffer. At least five examinations of whole serum Do at different dilutions always showed the rapidly sedimenting peak with an s-rate higher than the usual 21 to 23S for the rheumatoid factor. However, on the addition of 7S y-globulin to the whole serum, as described in the preceding paragraph, this rapidly sedimenting peak showed a shift in s-rate to close to 22S with a definite loss of area. It appeared that in the presence of low 7S y-globulin levels in this serum, the rheumatoid factor com1-plexed with intermediate type aggregates of y-globulin giving the higher s-rates. When excess 7S -y-globulin was added, these aggregates were replaced by the usual 7S moieties and the rheumatoid factor complex assumed its usual s-rate. Just why the euglobulin fraction did not show the 28S component was not entirely clear; relatively more 7S y-globulin appeared to be present than in whole serum, which may have arisen from dissociation of some of the complexes, and this may have caused a shift to the lower s-rate. The 28S complex was present, however, in the y-globulin isolated by zone Figure 3A which had been prepared by differential euglobulin precipitation, still contained substantial amounts of 7S and 19S y-globulin. Further purification was achieved by zone ultracentrifugation in a sucrose density gradient. Approximately 25 fractions were taken from the bottom of the tube by means of a fraction collector. Protein analyses on these fractions showed three major peaks corresponding to those shown in Figure 3A . The middle peak, when examined in the analytical ultracentrifuge, showed 70 per cent 9 to 14S material and 30 per cent 7S. Further efforts at greater purification of this fraction, by both differential precipitation and density gradient centrifugation, resulted in increasing quantities of 7S y-globulin and small complexes in the 9 to 10S range. It became apparent that the complexes 122 uuV continually dissociated with purification and that they were extremely difficult if not impossible to isolate completely. This behavior was very similar to that previously noted for the 22S rheumatoid factor complex; with purification, dissociation occurred and 19S rheumatoid factor resulted.
Considerable purification was also achieved on diethylaminoethyl (DEAE) cellulose columns and the complexes caused the appearance of a large peak not ordinarily observed in the separation of serum. The pattern obtained for the euglobulin from Do is illustrated in Figure 7 . The complexes were found in the peak of tubes 11 to 20. However, as in the case of the purified fractions isolated above, considerable 7S material was observed by ultracentrifugal analysis of pooled material from these fractions.
Both in the crude and in the purified state the complexes dissociated in acid buffers to units which were indistinguishable from ordinary 7S y-globulin. Mixing experiments with added 7S gave single peaks. Immunological analyses were also attempted with the middle fraction isolated from the density gradient tube as described above. Both by Ouchterlony plate analysis and immunoelectrophoresis, no antigen other than ordinary 7S y-globulin was detected. In these studies a number of antisera was employed, made against whole serum, Fr II and whole electrophoretic y-globulin. Antisera were not made against the complexes. Efforts to detect materials with P2A or /2M specificity in the complexes were unsuccessful.
One purified preparation was obtained from serum Fi by zone electrophoresis of a euglobulin fraction. This consisted of 81 per cent 10S material and the remainder mainly of 7S. This preparation contained no visible 19S peak. Carbohydrate assays were performed following a second electrophoresis in polyvinyl chloride medium as described previously (24 Figure 8 illustrates the patterns from two of these cases-both patients with severe rheumatoid arthritis and uniquely high titers in the serological reactions. For comparative purposes the pattern of serum Do is shown again. The early frames (A) show 22S components for Pr and Mm, giving an extremely high peak in Pr which sediments just ahead of the 19S peak. In Mm a third peak is visible, sedimenting slightly more slowly than the 19S component, with a calculated S020,, of 16S. The later frames (B) show the delineated 7S component in all three sera in the mid-portion of each frame. In Pr and Mm a clear peak is visible sedimenting ahead of the 7S which has an s-rate of approximately 10S in each case. These peaks resemble those in serum Do and the others described earlier when excess 7S y-globulin is added to the serum. They are definitely abnormal components and normal serum has little or no material sedimenting in this position. Most other high titer rheumatoid arthritis sera showed similar components and the predominant abnormal component was usually in the 9 to 11S range. These sera have not been included in the present series because of less certainty regarding these components. They were more difficult to study because of their low concentration, and it was not always clear that they dissociated to 7S units. However, it appears likely that they represent smaller amounts of complexes similar to those in the 11 sera described above.
Activity of comiplexes. Table III shows the titer of the eight sera in various serological tests for rheumatoid factor. Table IV demonstrates the titer of three of the sera in the Rh sensitized cell test. In addition, the inhibition titer of these sera in the Gm inhibitor system is indicated (22) .
The anti-Rho system used in this experiment gives (Figure 7 ). There was no activity in the peak containing the complexes, and all the activity was in the later fractions containing the 19S class proteins. Most of the isolated complexes also failed to react in the precipitin test with y-globulin aggregates and soluble antigen-antibody complexes. However, the complexes from sera Ca and St, which were relatively insoluble, showed intensified precipitation in the presence of aggregated y-globulin, although they failed to give positive reactions in the serological tests. Evidence was also obtained with several sera that the complexes intensified the precipitation reaction with aggregates and caused larger amounts of 7S y-globulin to appear in acid-dissolved precipitates (1). The question of whether this indicated actual participation in the reaction, or simply coprecipitation as a result of their general insolubility, was not entirely clear.
Some evidence was obtained that these complexes played a primary role in spontaneous precipitation from serum (7) . Certainly, serum Ca gave an insoluble precipitate on standing, and on dilution with isotonic saline a large amount of precipitate formed. Here the rheumatoid factor did not appear to be directly involved, and the precipitate was almost entirely composed of the intermediate aggregates. Sera Bs and St also showed considerable spontaneous precipitate. However, Do which had both large amounts of intermediate complexes as well as extreme titers in the rheumatoid factor tests, showed almost no precipitate in whole serum standing in the cold room and only a small amount on 1/10 dilution with isotonic saline and standing in the cold room. The remaining sera were not specifically checked from this point of view.
DISCUSSION
The ready dissociation of the intermediate type components described above indicates clearly that they represent complexes. The dissociated unit showed a homogeneous peak in the ultracentrifuge with an s-rate of approximately 7S. Certainly, they were in part ordinary 7S y-globulins as shown by the immunological reaction with antiserum to normal y-globulin. No evidence for additional constituents was obtained and the accumulated evidence suggested that the complexes were composed entirely of 7S y-globulin units. The fact that normal 7S y-globulin, when added to these complexes, had a profound effect on their distribution was of special interest. The larger complexes disappeared and primarily one type with an s-rate of approximately lOS remained. These results suggested that one constituent of the complexes was ordinary y-globulin which could be influenced and replaced by y-globulin from other sera. The major question which is raised is whether or not the remainder of the complex is antibody to y-globulin. Certainly, the effect of extraneous y-globulin suggests the action of excess antigen on antigen-antibody complexes causing the formation of limiting complexes. In the case of bivalent antibodies, these would be composed of three units of y-globulin. However, the broadness of the peaks and the spread of the added 7S y-globulin made it difficult to decide between limiting complexes composed of two or three units of y-globulin.
Recent evidence has indicated a marked affinity of the rheumatoid factors for the y-globulin of specific individuals (26) . The specificity of this reaction offers strong support for the concept that these proteins represent high molecular weight antibodies to y-globulin. Attempts were made in 125 the present study to demonstrate a similar specificity of the active portion of the intermediate complexes. Largely for technical reasons this was not accomplished, although further work in this direction is continuing. Some of the effects of added y-globulin on the complexes could be better explained on the basis of greater reactivity with certain types of y-globulin than simply on the basis of excess y-globulin effects. If the active portion of the complexes is antibody to -y-globulin, as is certainly suggested, it must be of a nonprecipitating type in most of the sera studied.
The one serum which showed formation of additional complexes when y-globulin was added was of special interest in this connection. Here insufficient y-globulin appeared to be present to combine with the active fraction, and further y-globulin was required to form the maximal number of complexes. The marked affinity of this patient's y-globulin for extraneous y-globulin was clearly evident.
The failure to find complexes of this type larger than 17S in any of the sera suggested a definite limitation on the polymerization and along with their nonprecipitating character raises the possibility of a univalent type of antibody.
The association between the presence of intermediate complexes and rheumatoid factor in the 11 sera described was striking. However, it certainly was not an absolute or direct relationship. All give rise to the 22S complex. Several of these sera showed the latter complex along with the intermediate type complexes. It is of special interest that several of the sera showed a large peak with an unusually high s-rate (28 to 31S). Evidence was obtained that this represented rheumatoid factor complexed with intermediate complexes. This component disappeared on the addition of excess ordinary low molecular weight y-globulin and then became the more usual 22S fraction. It was apparent that a wide assortment of complexes occurred in these sera, so much so that in some instances little or no y-globulin remained in the uncombined state. The fact that the complexes did not show typical rheumatoid factor activity is not conclusive evidence against their being the 7S counterparts of the 19S rheumatoid factors. It is well known that high molecular weight antibodies are particularly good agglutinators and the 7S antibodies often fail in this respect, as in the case of the Rh antibodies. Furthermore, the combination with other 7S units might block the participation in the agglutination reactions more than in the case of the 19S rheumatoid factors.
No clear results were obtained which suggested a direct harmful biological role for these complexes. It seems possible and indeed almost probable that under certain conditions they would precipitate. This would seem to be particularly likely in the presence of low y-globulin levels which would tend to favor larger complexes. In most situations excess y-globulin would keep the complexes small and adequately soluble. It seems somewhat surprising that the intermediate complexes did not precipitate with rheumatoid factor, but this is in line with previous evidence that precipitation occurred only when very large soluble complexes or aggregates were added (26) . Perhaps some such precipitation does occur in vivo. The problem appears related to that of the spontaneous precipitates described by others as occurring in certain rheumniatoid arthritis sera. A final conclusion on this point was not obtained, because certain of the sera with large amounts of complexes did not show significant spontaneous precipitation even after dilution with saline. The complexes also appeared different from the components noted by Christian (7) in certain spontaneous precipitates dissolved in acid. Such conditions would dissociate the complexes described in this study to ordinary 7S units. Another possible biological activity found for the intermediate type complexes was an inhibition effect in certain of the rheumatoid factor agglutination reactions. This was observed in the Grubb and Laurell Gm(a) system employing sensitized Rho positive human red cells.
Consideration certainly should be given to the possibility that the complexes represent simple aggregates of y-globulin of the type observed in certain Fr II preparations. Mlost observers feel that these result from the isolation procedures, but the possibility remains that they represent in part complexes existing in small amounts in normal serum that are concentrated by the isolation procedures. Some y-globulin preparations isolated from normal serum by zone electrophoresis and normal euglobulin fractions show similar components that appear to be present in the original serum. It seems probable that some of the latter are more closely related to the C'3 complex recently described (27) which is also a euglobulin. Another possibility is that a -y-globulin is produced, in the group of patients described, which has a specific property of polymerizing with other y-globulin molecules.
The /32A-protein, which is related to ordinary y-globulin immunologically, has been found to have unusual complexing tendencies, and Heremans has recently described a 182A-albumin complex (28) . However, the low carbohydrate content of the complexes and the failure to find significant 82A specificity immunologically, make this possibility unlikely. It The difficulties involved in distinguishing certain of these sera from those of Waldenstrom's macroglobulinemia and the importance of acid dissociation experiments are discussed.
The possibility is raised that these complexes might represent antigen-antibody complexes of the y-globulin-anti-y-globulin type. Evidence is presented suggesting that they are the 7S counterparts of the 19S rheumatoid factors combined with ordinary y-globulin. Further observations with a more sensitive method of detection are required to determine the exact incidence and distribution of these complexes in rheumatoid arthritis and other diseases.
